abstract Type 1 myotonic dystrophy (DM1) is an autosomal dominant disorder caused by a CTG repeat expansion. RNA containing expanded CUG repeats does not leave the nucleus, but accumulates in discrete nuclear foci which sequester the human muscleblind-like (MBNL) proteins. We have examined buccal cells from 15 adult DM1 patients and 7 control non-DM patients to determine whether nuclear foci can be detected by either immunostaining for MBNL1 protein or fluorescent in situ hybridisation (FISH) for the CUG repeat RNA. Both methods detected nuclear foci in all three early-onset patients, but only in a minority of 12 less severe DM1 patients. There were no false-positive results in the 7 controls. Although the method does not reliably identify all DM1 patients, it may prove useful as a rapid test for severe congenital DM1 in floppy babies.
introduction
Myotonic dystrophy type 1 (DM1) is a multisystemic disorder with a wide spectrum of phenotypic expression from the late-onset/ asymptomatic adult to the severely affected congenital child [1] . In addition to muscle weakness, wasting and myotonia, the central nervous system may be extensively involved, with defective motor and mental development resulting in cognitive impairment and mental There is a second form of myotonic dystrophy (DM2) which is caused by a tetranucleotide CCTG repeat in the CNBP gene (also known as ZNF9) [5] . There are significant differences between DM1 and DM2. Muscle weakness tends to be proximal in DM2, whereas a distal pattern is seen in DM1. The age of onset in DM2 tends to be later than in adult-onset DM1 and congenital cases of DM2 have not been described. Additionally, there is only limited evidence for involvement of the central nervous system in DM2.
DM1 is characterised by "anticipation", in which severity of disease tends to increase from one generation to the next, which is due to CTG expansion occurring in the germline, with the largest expansions occurring during maternal transmission. The size of the repeat tract also increases somatically during the lifetime of affected individuals. Repeat instability is not equal in all tissues and the cells within a tissue usually show mosaicism. In DM1, the brain, muscle and heart show increasingly high levels of expansion-biased CTG mosaicism (Reviewed: [6] ). In DM1 the mutant DMPK gene is transcribed and resultant RNA with expanded CUG repeats are not exported to the cytoplasm, but accumulate in the nuclei as discrete foci [7] [8] [9] . Ribonuclear foci have been demonstrated in skeletal muscle [10, 11] , cortical and subcortical neurons [12] , cardiac muscle [13] , chorionic villus from DM1 fetuses [14] and cultured myoblasts and skin fibroblasts [7, 9, 15, 16] from DM1 patients. In transgenic mice, the size and number of nuclear foci is related to the number of CTG repeats and the severity of the phenotype [17] . In DM2, expanded CCUG repeats also accumulate as nuclear foci [18] . The expanded CUG/CCUG ribonuclear inclusions sequester RNA binding proteins. antibodies has confirmed that MBNL1 is concentrated at the ribonuclear foci in DM cells [10, 12, 13, 15, 16, [19] [20] [21] . 
experimental procedures

Samples:
Buccal cells were obtained from volunteer DM1 patients with diagnosis confirmed by DNA analysis, and control patients with non-DM muscle conditions. They were taken noninvasively with a mouth swab, smeared onto a slide and allowed to dry. Cells were fixed with 50%:50% acetone:methanol (5 min) washed with PBS, allowed to dry and stored at -80˚C.
Blood was obtained by a trained venepuncturist (4 ml into EDTA tubes) and DNA was extracted using QIAamp DNA blood midi kit (Qiagen).
This study was conducted with ethical approval and informed consent or parental assent.
Repeat sizing:
Genomic blood DNA (10 ng) from 11 of the DM1 patients was amplified using a polymerase [23] . Thermal cycler conditions were as follows: 28 cycles at 96°C for 45 seconds, 68°C for 45 seconds and 70°C for 3 minutes. This was followed up with a step at 68°C for one minute and 70°C for 10 minutes.
PCR products were resolved on a 1.5% agarose gel, and Southern blot hybridized with a a 32 P-labeled probe consisting of 56 CTG repeats and a total of 99 bp of flanking DNA (DM56) from the DM1 locus as previously described [23] . The modal allele length was estimated from the point of the expanded allele smear with the greatest intensity and the number of repeats determined using Kodak molecular imaging software (Carestream Health, Inc.).
Immunohistochemistry:
Cells on slides were brought to room temperature washed with PBS and blocked with casein buffer (0.1% casein in 154 mM NaCl, 10 mM Tris, pH 7.6) for 10 min and again washed with PBS. Monoclonal antibodies MB1a against MBNL1 [22] or MB2a against MBNL2 
Statistical analysis:
Relationships between the percentage of 
results
Oral exfoliate cell samples were obtained from 22 patients. Fifteen of these had a confirmed diagnosis of DM1 and 7 were controls with other neuromuscular conditions. Of the 15 DM1 patients, 12 had classical DM1 ("Adult Onset") and 3 patients were classified as juvenile-onset DM1 ("Early Onset"). Two methods were used to detect foci in the nuclei of the buccal cells:
(1) antibody binding with MB1a mAb against MBNL1 and (2) hybridisation of nucleic acid probe with the RNA repeats (FISH). Results are shown in Table 1 .
All control buccal cells were negative (no foci) with antibody and also with FISH (data not shown). Foci were detected in 7 of 15 myotonic dystrophy patients using FISH. Four of these were from the twelve "Adult Onset", but all three "Early Onset" DM1 patients were positive. To test whether the differences in ability to detect foci were due to differences in repeat size, we extracted DNA from peripheral blood, taken from 11 of the DM1 patients, and the CTG repeat length was estimated by PCR followed by a Southern blot. Results are shown in the Table 1 . Figure 2 
discussion
The sequestration of MBNL1 protein to nuclear foci in muscle has been proposed as a diagnostic DM marker [20] . We wanted to determine whether a similar test could be For each buccal cell slide, 200 nuclei were examined by either immunohistochemistry or FISH and the number that contained at least one clear nuclear focus (as illustrated in Figure 1 ) was determined. Nuclear foci were absent in the slides from 7 non-DM controls (not shown). ND = not determined. CTG repeat number on control alleles was <50. [28] . The sampling procedure involved rubbing a cotton swab on the inner cheek. The authors reported that the infants were unperturbed and the mothers found the procedure very acceptable [28] .
There was no correlation between nuclear foci in buccal cells and repeat size in blood cells 
